Native cellular fluorescence (NCF) represents the innate capacity of tissues to absorb and emit light of specified wavelengths. Recent advances in optical engineering and computer technology have provided the opportunity to measure NCF characteristics of various tissues in vivo. This report will briefly review the current status of NCF analysis of various neoplastic tissues. The status of investigations involving the upper aerodigestive tract will be discussed. Though initial results demonstrate that neoplastic tissues can be discriminated from normal mucosa by NCF analysis, the biologic basis of this difference remains uncertain. This report will also emphasize that the ability to screen for cancer in aerodigestive mucosa may be enhanced through the assessment of multiple emission and excitation wavelengths. The true nature of the cellular fluorophores responsible for these mucosal spectral characteristics should be more fully defined in coming years. Environ Health Perspect 105(Suppl 4): 941-944 (1997) 
The capacity to effectively screen for premalignant and early invasive cancers of the upper aerodigestive tract and lung should lead to improved survival. Numerous strategies developed over the past 2 decades to achieve this goal include novel immune and molecular cytological techniques, the development of circulating tumor markers, and advances in diagnostic radiology (1) (2) (3) (4) (5) (6) (7) . It is evident from the review of these various approaches that optimal methods must still be established.
The need for improved sensitivity and specificity in cancer diagnosis has led to interest in native cellular fluorescence (NCF), i.e., the innate capacities of tissues to absorb and transmit light, as a means of distinguishing normal from neoplastic tissue. It has been well recognized for many years that numerous subcellular components, termed fluorophores, were capable of emitting light of specified wavelengths. Such fluorophores include various proteins, coenzymes, micronutrients, and even DNA (8) . The concept that qualitative and quantitative differences in cellular fluorophores would distinguish diseased from normal tissue in vivo had been explored since the 1950s. Schaffer and Sacks, for instance, noted that assessment of oral cavity mucosa by means of a Wood-Light ultraviolet lamp would distinguish individuals with riboflavin deficiency (9) . By providing nutritional supplements, those authors noted a reversal of the abnormal mucosal fluorescence and thus demonstrated the clinical utility of this approach. The spectral characteristics of riboflavin have been previously described (8, 10) .
In the mid-1980s investigators began to apply the principle of NCF to the assessment of neoplastic tissue. Alfano et al. (11, 12) and Glassman et al. (13) analyzed breast and lung tissues for NCF patterns in vitro. Glassman et al. (13) utilized a xenon lamp to generate a 300-nm excitation beam and then quantitated 340:440-nm emission ratios. They noted that neoplastic tissue contributed significantly elevated 340:440 nm ratios compared to nonmalignant tissues. Similar observations regarding the 340:440-nm ratio were noted for cervical cancers (13) . Numerous investigations over the past several years have explored the use of NCF technology for screening of diseases of the colon, cervix, and lung (Table 1) (14) (15) (16) (17) (18) (19) . Various laser sources were utilized, including helium-cadm.um and nitrogen-pulsed lasers. The analysis of fluorescence emission has pointed to abnormalities at various wavelengths, including 380-, 450-, 520-, and 680-nm emission. Overall sensitivity and specificity of NCF have ranged from 85 to 95% and 80 to 85%, respectively. Indeed, several authors claim that NCF analysis was superior to more standard approaches, including physical examination and routine light-based endoscopy (17, 18 (20) (21) (22) (23) (24) . The oral cavity lends itself to such studies for several reasons (20) . One is that the relationship between environmental exposures and diseases of the oral cavity has been well documented. Approximately 90% of individuals with cancer at this site will give a past or current history of tobacco exposure. The oral cavity is readily examined during a routine office or dental visit, thus requiring no special preparation or patient discomfort. Multiple examinations on a large population can then be performed to derive the significance of a particular screening strategy. In addition, a well-defined premalignant state, termed leukoplakia, can be identified within the oral cavity. This condition has facilitated our understanding of neoplastic progression not only within the oral cavity but in other epithelial tissues as well. Finally, it is well known that patients with one oral cavity cancer are at risk of a second cancer. This has given rise to the concept of field cancerization, i.e., the theory that all tissues exposed to a particular carcinogen will be at risk for malignant transformation and that such tissues will progress in various stages toward invasive disease (25, 26 The preponderance of studies, therefore, have demonstrated that neoplastic tissues can be discriminated from normal epithelial tissues within an individual patient. The optimal wavelengths for either exciting tissue or measuring emission, however, have yet to be defined. Likewise, considerable variance in the means of analyzing spectral profiles exists among studies (13) (14) (15) (16) (17) (18) 22 (24) . In this well-defined cancer model, Sprague-Dawley rats are injected ip with a 5% solution of N-nitrosomethyl benzylamine (NMBA). Following 15 weeks of injections, the majority of rats will develop gross evidence of esophageal (24). The above study provided evidence regarding the determinants of spectral alterations as well. Though changes in both the 380-and 450-nm excitation profiles occurred at approximately the same time, each reflected a different component of the esophageal wall. In the 380-nm scan, continued carcinogen exposure led to progressive increases in the 290:330-nm ratio (Figure 1 ). This decrease was directly proportional to the increasing thickness of the esophageal mucosa, which occurred during malignant transformation. We suggested that the loss of the 330-nm excitation peak 10007 50£ aZ500-' -\ In contrast to the 380-nm excitation scan, alterations in the 450-nm excitation induced by carcinogen exposure emanated entirely from esophageal mucosa (24) . These changes became evident as early as 2 weeks after NMBA exposure and long before gross pathologic changes were noted. These data demonstrate that multiwavelength assessment of esophageal mucosa, i.e., the use of multiple excitation wavelengths and the measurement of multiple emission characteristics, will define different histoarchitectural elements within diseased mucosa. The study also demonstrates that NCF alterations occur very early in malignant transformation and long before gross malignancy or even premalignant changes can be identified. These results support the use of NCF characteristics as a means of screening for preclinical disease. They also provide a basis for monitoring the impact of prevention strategies designed to halt or reverse the neoplastic process.
In Vitro Studies of Upper Aerodigestive Mucosa
The biologic basis for NCF characteristics of upper aerodigestive mucosa has been explored through in vitro analysis (27) (28) (29) .
The premise of these studies is that precancerous alterations within aerodigestive mucosa that precede clinically apparent disease will be characterized by abnormal proliferation and differentiation. Our approach has been to characterize fluorescence abnormalities that reflect that process. Using three cell systems consisting of 3T3 fibroblasts, A431 squamous carcinoma cells, and short-term cultures of normal oral epithelium, proliferation rates were altered by various growth conditions (28) . Proliferation rates were measured by cell count, tritiated thymidine incorporation, and cell-cycle analysis by flow cytometry. A characteristic spectral profile was identified in each instance, independent of the cell line utilized, and involved emission at 450 nm. Figure 2 shows a characteristic profile of the 450 nm excitation scan. In this example, A431 cells were growth inhibited by medium supplementation with epidermal growth factor. Scans revealed a hypochromic shift of the primary maximum in cells that were more rapidly proliferating. Furthermore, the primary excitation peak maximum:370-nm ratio was consistently greater in the more rapidly proliferating cells. Although one may assume that the fluorophore that contributes to these alterations is NADH (8), further characterization of the biochemical basis of this fluorescence profile is in order. Next, short-term cultures of normal oral epithelia were established to modulate cellular differentiation (26) . Differentiation in these experiments was induced by culturing oral epithelium in high salt concentrations, and was noted through the acquisition of cornified envelopes and high molecular weight keratin, cytokeratin 13. Distinct from the proliferation model described above, alterations in the 520-nm excitation scan could be identified ( Figure  3 ). Compared to less-differentiated cells, cells grown in high salt solution demonstrated an increased secondary absorption maximum at 380 nm. Thus, two systems that measure cellular proliferation and differentiation, respectively, provide unique changes in fluorescence emission patterns, again pointing to the value of multiwavelength analysis. These results also support the use of NCF characterization as a means of screening for subclinical phenotypic alterations in tissues at high risk for cancer development.
